Varenicline (VAR) is approved to aid in smoking cessation and has been shown to be effective for reducing alcohol consumption in heavy drinkers. Little is known, however, about treatment moderators that may influence efficacy. The current study reanalyzed data from a human laboratory study (Verplaetse et al., 2016) to determine whether VAR was more effective at reducing alcohol use among drinkers reporting symptoms of depression. Participants were 60 adults meeting DSM-IV criteria for alcohol use disorders (n = 60) who were randomly assigned to receive VAR (1 mg/day, 2 mg/ day) or placebo. Following 7 days of medication pretreatment, participants attended a laboratory testing session. They provided self-reported ratings of alcohol craving and performed an ad libitum alcohol consumption task after receiving a priming dose of alcohol (target blood alcohol concentration = 0.030 g/dL). Higher blood VAR plasma levels were associated with less alcohol craving and less drinking among participants with more depressive symptoms. Among participants with fewer depressive symptoms, VAR was associated with more drinking during the ad libitum drinking task. These findings show that depression symptoms may be a moderator of VAR efficacy in alcohol users and provides evidence for the role of nAChRs in depression and alcohol use.
Introduction
Varenicline (VAR) (Chantix; Pfizer, New York, USA) is a partial agonist at α4β2* (where * indicates potential additional subunits) nicotinic acetylcholine receptors (nAChR) that was developed as a smoking cessation aid (Gonzales et al., 2006) . Our group (Verplaetse et al., 2016) recently completed a human laboratory study testing the efficacy of VAR in a group of adult drinkers meeting criteria for alcohol use disorders. We found evidence that VAR effectively reduced drinking risk in this cohort, as indicated by reductions in alcohol craving and ad libitum alcohol consumption during a laboratory drinking task. These findings are consistent with results of both preclinical studies and clinical trials conducted by our and other research groups showing VAR can reduce alcohol consumption among problem drinkers (Fucito et al., 2011; Litten et al., 2013; McKee et al., 2009; Steensland et al., 2007) .
In understanding pathways by which VAR could reduce alcohol use, it is important to consider the role of nAChR in alcohol use behavior. Preclinical studies have shown that alcohol-induced mesolimbic dopamine release is mediated in part by the direct effects of alcohol on nAChR (Soderpalm et al., 2000) . As dopamine release in this region is critical in the reinforcing effects of alcohol, the partial agonist effects of VAR may block or limit the reinforcing effect of alcohol. Indeed, other studies have shown that mecamylamine, an nAChR antagonist, can reduce rates of alcohol consumption in rats (Lě et al., 2000) and reduce pleasurable subjective alcohol effects in humans (Blomqvist et al., 2002) . As a partial agonist, VAR may reduce craving via its agonist properties as well as reduce acute alcohol reinforcement by blocking action at key nAChR subtypes.
Identifying patient characteristics that predict treatment efficacy can improve treatment outcomes (Kraemer et al., 2006) . Falk and colleagues (2015) recently reanalyzed data from a phase III clinical trial that used VAR to treat alcohol use disorder and identified several treatment moderators (i.e. treatment goal, years drinking regularly, age, and reduction in cigarettes smoked). The potential moderators in this study related primarily to patient's demographic and substance use characteristics. Other potential treatment moderators include comorbid psychopathology, particularly symptom clusters that share pathophysiological characteristics with alcohol use disorder (Hutchison, 2010) . One condition that often coexists with alcohol use disorder and also is associated with dysregulation of the nAChR system is depression (Mineur et al., 2013; Saricicek et al., 2012) . Drugs targeting nAChR receptors can reduce depressive symptoms in animals (Mineur et al., 2007) . Evidence for this relationship also comes from studies on the effects of nicotine on mood. Smokers show higher rates of depression than the general population (Breslau et al., 1993) and tobacco withdrawal can precipitate depressive symptomatology (Cook et al., 2015) , potentially due to the sudden removal of nicotine from the adapted cholinergic system.
The current study examined depressive symptoms as a treatment moderator in a human laboratory study examining the effect of VAR in reducing alcohol consumption among heavy drinkers. There is significant heterogeneity among individuals with alcohol use disorder, and it is important to identify patient characteristics that predict responses to different pharmacotherapies. Considering the overlap in the neurobiological substrates of alcohol use disorder and depression, it is possible that VAR may be particularly effective at reducing drinking among individuals who also report symptoms of depression. This is also an important question clinically because alcohol use disorder frequently co-occurs with depression (Kessler et al., 1997a) , and depression can worsen the prognosis of the alcohol use disorders (Sullivan et al., 2005) .
In this study, we tested whether VAR was efficacious for reducing alcohol self-administration and group of adults with alcohol use disorder. This study is a reanalysis of data from a human laboratory experiment testing the effects of 1 and 2 mg/ day VAR on well-validated indicators of alcohol use risk, including alcohol self-administration following a priming dose of alcohol and self-reported alcohol craving (Verplaetse et al., 2016) . These outcome measures were chosen for their previously established sensitivity to the effects of VAR (Childs et al., 2012; McKee et al., 2009) . The primary purpose of this reanalysis was to determine whether participants' self-reported levels of depression symptoms acted as a moderator of treatment efficacy.
The primary reanalyses will examine the effects of blood plasma levels of VAR (VAR plasma) on alcohol self-administration and craving as moderated by participants' levels of depression. In our prior publication from this human laboratory study (Verplaetse et al., 2016) , we found significant variability in VAR plasma levels, even among participants who received identical doses of the drug. Moreover, VAR plasma level was a stronger predictor of craving and ad libitum drinking than oral VAR dose, suggesting that VAR plasma may provide a better estimate of treatment efficacy than analyzing outcomes according to dosing condition. The current reanalysis will build on our previous findings (Verplaetse et al., 2016) demonstrating that VAR plasma levels show a negative relationship with craving and ad libitum drinking, such that individuals with higher levels of VAR plasma report less alcohol craving and consume less alcohol. We predicted that this effect would be moderated by participants' selfreported depressive symptoms, such that participants reporting more depressive symptoms would show a greater reduction in drinking when VAR plasma levels were high.
Method
Participants Participants were eligible if they were ⩾21 years of age and were able to read and speak English. All participants met the DSM-IV (Diagnostic and Statistical Manual of Mental Disorders, 4th edition), criteria for past 6-month alcohol abuse or alcohol dependence. They also met criteria for heavy drinking (binge drinking at least once per week, which was defined as ⩾+4/+5 per episode for females/males, respectively). Exclusion criteria included illicit drug use (except for occasional cannabis use), past 30-day use of psychoactive drugs, treatment-seeking for alcohol or tobacco use, current suicidal or homicidal ideation, pregnancy or nursing, or medical conditions contraindicating alcohol use (e.g. liver enzymes ⩾3 times normal) or VAR administration (e.g. known allergy to VAR). Volunteers diagnosed with serious axis I disorders other than alcohol or tobacco dependence (e.g. psychotic spectrum disorders, bipolar disorder) were not invited to participate. Those reporting depression were allowed to participate unless they were currently prescribed medication to manage their depression or were found to be high risk for suicide. Those who were deemed likely to exhibit clinically significant alcohol withdrawal, as evidenced by elevated scores on the Clinical Institute Withdrawal Assessment of Alcohol scale (CIWA-Ar) (Sullivan et al., 1989) were not invited to participate.
Design
The study was a double-blind, placebo-controlled, parallel-group design. Additional methodological details concerning study design, procedures, and materials are reported in a previous publication to this laboratory study (Verplaetse et al., 2016) . Randomization of participants to VAR (1 or 2 mg/day) or a matching placebo (0 mg/day) groups were stratified by sex and smoking status. This study is registered with ClinicalTrials.gov: NCT00580645 (study 1c).
Procedures
Eligibility screening. The human investigation committee of Yale University, USA approved this study and written informed consent was obtained. Participants underwent extensive eligibility screening, including physical examination, electrocardiogram, urine toxicology, pregnancy test, and basic blood chemistries.
Medication. VAR and matching placebo were provided by Pfizer (NY, USA), and were overencapsulated with riboflavin added to monitor compliance. VAR was titrated to steady-state levels over 7 days. Medication compliance was monitored with pill counts and riboflavin markers on days 5 and 8 (Del Boca et al., 1996) . Plasma levels were assessed at the start of the laboratory session on day 8.
Priming dose. The alcohol-priming drinks were administered from 3:00 to 3:05 p.m. and consisted of 1 part 80-proof liquor of the participants' choosing and 3 parts mixer chosen from a selection of equally caloric, noncaffeinated, noncarbonated beverages. Dosing was designed to produce a blood alcohol concentration (BAC) of 0.030 g/dL based on Watson's (1989) formula that takes into account participants' body weight, height, sex, and age to estimate total body water. The average dose of absolute alcohol administered was 21.29 mL (SD = 4.27 mL) and the average total beverage volume was 212.90 mL (SD = 42.67 mL).
Alcohol self-administration. Participants completed two 1-hour ad libitum drinking periods during which they were permitted to drink up to four alcoholic beverages (eight drinks in total over the entire 2-hour self-administration session; each calculated to raise BAC by 0.015 g/dL). On average, each drink contained 10.65 mL (SD = 2.14 mL) absolute alcohol. The average total volume of each beverage was 106.40 mL (SD = 22.28). They were given an initial drinking tab (US$24) and told that they could purchase up to four drinks each session. Participants kept US$3 for each drink they did not consume which incentivized their abstinence during this task and modeled a situation in which reducing alcohol use was a desirable outcome for the drinker. They were given free access to their drinks and their drinking tab was totaled after the end of the ad libitum drinking periods.
Laboratory session. On day 8, each participant completed a 14-hour laboratory session conducted at the Yale Center for Clinical Investigation, New Haven, CT, USA. The laboratory procedures were similar to those used in our previous alcohol self-administration studies (McKee et al., 2009) , which conform to guidelines for alcohol administration (National Advisory Council on Alcohol Abuse and Alcoholism, 2005).
The timing of the laboratory session was as follows: Participants arrived at the laboratory at 8:00 a.m. and their final dose of medication was provided at 9:00 a.m. Alcohol craving was assessed three times throughout this period, first when they arrived at the laboratory and again each hour until receiving the priming beverage at 3:00 p.m. Alcohol craving was measured in 10 min intervals after participants finished the priming beverage. Participants started the first and second hour of alcohol selfadministration 50 and 120 min after consuming the priming drink, respectively.
Materials and measurement
Alcohol use. Participants' drinking habits were assessed using the Timeline Follow-back (TLFB) procedure (Sobell and Sobell, 1992) . This protocol uses a structured calendar anchored with holidays and other notable events to assist participants in recording their drinking behavior. The TLFB yielded two measures, including (1) average number of drinks per drinking session, and (2) proportion of heavy drinking days (i.e. proportion of drinking days consuming 4/5 (female/male) or more drinks). Participants also completed the Alcohol Use Disorders Identification Test (AUDIT) as a measure of alcohol use problem severity (Saunders et al., 1993) . These measures were used to assess for baseline differences between groups in drinking habits.
Alcohol craving. Alcohol craving was measured using the Alcohol Urge Questionnaire (AUQ; Bohn et al., 1995) . This 12-item questionnaire assesses alcohol craving using a 100point visual analogue scale. The AUQ was administered three times before and four times after the priming beverage was administered. Tonic alcohol craving was measured as the average score of AUQs administered before the priming beverage. Craving after alcohol prime was measured as the average score of AUQs administered between 10 and 180 min after the priming beverage.
Depressive symptoms. The Center for Epidemiologic Studies
Depression (CESD) scale is a 20-item self-report scale that measures depressive symptoms (Radloff, 1977) . Responses are provided on a four-point scale based on the frequency of occurrence of the symptom. The CESD showed sufficient internal consistency in the current sample (α = 0.83).
Varenicline plasma levels. Human plasma containing VAR and the internal standard, varenicline-15 N 2 D 2 was extracted using a solid-phase extraction method for the determination of VAR in human K 2 -EDTA plasma by Worldwide Clinical Trials, Austin, TX, USA. The range of quantitation was 0.0500-10.0 ng/mL based on the analysis of 0.500 mL of plasma.
Data analyses
The outcome variables of interest were VAR plasma levels, CESD scores, ad libitum alcohol consumption, alcohol craving before drinking (i.e. tonic craving), and craving after alcohol prime.
Primary analyses were designed to test whether blood plasma levels of VAR were more or less effective at reducing alcohol self-administration and craving at different levels of depression. All variables for these analyses were z transformed to minimize unnecessary multicollinearity. Effects of VAR on alcohol use variables were analyzed using two-step hierarchical regression analyses with VAR plasma levels and CESD scores entered in the first step and a VAR plasma level × CESD score interaction term entered in the second step. Significant interaction terms were probed using the PROCESS macro (Hayes, 2013) for SPSS version 22 (IBM Corp. Armonk, NY). Simple slopes were calculated based on SDs within our sample. These simple slopes determined whether VAR plasma was associated with the primary outcome variables at 'low' depression (CESD = 2.04 (M -1 SD)), 'moderate' depression (CESD score = 8.25 (M)), and 'high' depression (CESD = 14.45 (M + 1 SD)). These scores are consistent with conventional strategies for probing at the mean value of the moderator and 1 SD above and below the mean (Preacher et al., 2006) . Low and moderate depression were well below the recommended clinical cutoff score of the CESD (i.e. 16), and high depression approached this cutoff score, suggesting the presence of clinically significant symptoms. The majority of the samples scored below the recommended cutoff score indicating a likely depressive disorder (n = 53) although some scored above (n = 7). These regression analyses were conducted with ad libitum alcohol consumption, tonic craving, and craving after alcohol priming as dependent variables.
A supplemental set of analyses were conducted to examine the effects of VAR on primary outcome variables according to oral dosage. VAR plasma is not commonly measured, so analyses by oral dose were intended to facilitate integration our findings with the broader literature and facilitate replication. For these analyses, high and low depressive symptom groups were formed based on whether participants fell above or below the cutoff score of nine. This cutoff score was recommended by Weissman et al. (1977) to distinguish between people with no depressive symptoms and those reporting at least some clinically significant depressive symptoms. These analyses were intended to inform future research regarding dose selection by separating groups by oral dose of VAR (placebo, 1 mg/day, 2 mg/day) and using a clinical cutoff score on the CESD. Participants with scores of 9 or higher were included in the depression symptoms group and those with scores lower than 9 were included in the no depression group. These analyses were 3 (dose: placebo, 1 mg/day VAR, 2 mg/day VAR) × 2 (no depression versus depression symptoms) between-subject analysis of variance (ANOVA). A priori t-tests were used to probe the effects of medication within each group and a second set of these tests were used to examine differences between depression groups within each medication condition.
Finally, supplemental analysis examined whether smoking status had a significant effect on our pattern of findings. As results demonstrated that smoking status did not moderate findings, it was not included in the final models presented below.
Results

Demographics
Demographic information and baseline alcohol use characteristics are reported in Table 1 . As seen in this table, the groups did not differ substantially in terms of demographic characteristics. A 2 (depression group) × 3 (VAR dose) ANOVA tested for group differences in demographic and alcohol use variables. There were no significant main effects or interactions for these demographic variables (p's ⩾ 0.338), nor were there significant effects related to AUDIT scores or self-reported drinking on the TLFB prior to randomization (p's ⩾ 0.091).
Adverse events
Adverse event data were reported in the previous publication from this the parent project (Verplaetse et al., 2016) . There were no reported instances of suicidal thoughts or suicide attempts in any group.
VAR trough plasma and medication compliance
All participants were at least 80% compliant with pill counts and urine florescence. Mean trough plasma levels were as follows: 1 mg/day VAR = 2.25 ng/mL (SD = 1.23 ng/mL); and 2 mg/day VAR = 4.60 ng/mL (SD = 1.86 ng/mL).
Breath alcohol concentrations
Peak BACs for the priming dose were achieved 10 min after the priming beverage (M = 0.028 g/dL, SD = 0.014). Peak BAC following the priming dose was not correlated with CESD scores, r(56) < 0.01, p = 0.974, or VAR plasma levels, r(56) = −0.13, p = 0.337. Peak BACs during the ad libitum phase were achieved 100 min following the first ad libitum drinking session (M = 0.060 g/dL, SD = 0.081) and was not associated with CESD scores, r(56) = 0.15, p = 0.256, or VAR plasma levels, r(56) = 0.095, p = 0.480. 
Ad libitum drinking
Hierarchical regression analyses examining the effect of VAR plasma on ad libitum drinking are presented in Table 2 . In the first step, neither VAR plasma nor CESD scores showed a significant association with number of drinks consumed. In the second step, however, the VAR plasma × depression score interaction term was significant. Simple slope analyses found that when depression levels were moderate, there was no association between VAR plasma and number of drinks consumed. At high levels of depression, there was a significant negative relation between VAR plasma and number of drinks consumed, such that participants with higher concentrations of VAR plasma consumed fewer alcohol beverages. For low depression, however, there was a significant positive association between VAR plasma and number of drinks consumed, such that participants with higher levels of VAR plasma consumed more drinks than those with lower plasma levels. The ANOVA of oral VAR dose and depression group on ad libitum drinking found no significant main effect of VAR dose or depression group (p's > 0.05), but there was a significant medication × depression group interaction, F(2, 54) = 8.20, p = 0.001. As seen in Figure 1 , VAR reduced the number of drinks consumed among participants with depression symptoms. Among those with no depression symptoms, however, VAR appeared to increase rates of drinking. A priori t-tests probed the effects of medication within each depression group. Among those in the depression symptoms group, participants receiving placebo consumed more alcohol than those receiving 1 mg/day VAR, t(13) = 2.33, p = 0.037, d = 1.29, and those receiving 2 mg/ day VAR, t(13) = 4.83, p < 0.001, d = 2.68. Those receiving 2 mg/ day VAR drank less than those receiving 1 mg/day VAR, although the difference only approached significance, t(12) = 1.92, p = 0.079, d = 1.07. Within the no depression symptoms group, those receiving placebo drank less than those receiving 1 mg/day VAR, t(23) = −2.07, p = 0.050, d = 0.86, but did not differ from participants receiving 2 mg/day VAR, t(23) = −1.52, p = 0.142, d = 0.63. There was no significant difference between those receiving 1 and 2 mg/day VAR, t(24) = 0.51, p = 0.616, d = 0.21.
The second set of a priori t-tests found that among participants receiving placebo, those with depression symptoms drank more than those with no depression symptoms, t(18) = −3.32, p = 0.004. There was no significant difference between depression group among those receiving 1 mg/day VAR. Among participants receiving 2 mg/day VAR, those with depression symptoms drank less than those with no symptoms, t(18) = 2.31, p = 0.033.
Alcohol craving
Tonic craving. Results of the hierarchical linear regression analyses examining the relation among VAR plasma, CESD scores, and tonic craving are presented in Table 3 . As seen in this table, there was a significant VAR plasma × depression interaction. Simple slope analyses found that at low levels of depression, there was no significant relation between VAR plasma and drinking amount. At moderate levels of depression, higher levels of VAR plasma were associated with less self-reported craving. At high levels of depression, VAR plasma showed a strong negative association with self-reported craving.
Tonic alcohol craving is graphed in Figure 2 . The 2 × 3 ANOVA found a significant main effect of medication condition, F(2,52) = 3.32, p = 0.005, but no main effect of depression group, F(1, 52) = 1.60, p = 0.212. The medication × depression group interaction approached significance, F(2, 52) = 2.99, p = 0.059. A priori t-tests probed this interaction. These tests found that within the depression symptoms group, participants receiving placebo reported greater tonic craving than those receiving 1 mg/day VAR, t(12) = 2.47, p = 0.029, d = 1.43, and 2 mg/day VAR, t(11) = 3.33, p = 0.007, d = 2.00. There was no significant difference in craving between 1 and 2 mg/day VAR in this group, t(11) = 1.60, p = 0.138, d = 0.96. Among those in the no depression symptoms group, there was no significant difference in tonic craving among those receiving placebo and 1 mg/day VAR, t(23) = 0.07, p = 0.944, d = 0.03, or 2 mg/day VAR, t(23) = 1.35, p = 0.191, d = 0.56. There was no significant difference in tonic craving between participants receiving 1 or 2 mg/day VAR in this group, t(24) = 1.12, p = 0.273, d = 0.47. The second set of a priori t-tests found that among participants receiving placebo, those with depression symptoms reported more tonic craving than those with no depression symptoms, t(17) = −2.52, p = 0.022. There was no significant difference in tonic craving between depression group among those receiving 1 or 2 mg/day VAR, ts ⩽ 0.57, p's ⩾ 0.591.
Craving after alcohol prime. As seen in Table 3 , hierarchical linear regression analyses found no significant relation among VAR plasma, CESD scores, and alcohol craving following priming drink. Ratings of alcohol craving after the priming drink were as follows: placebo (M = 40.25, SD = 15.95), 1 mg/day VAR (M = 36.55, SD = 18.27), and 2 mg/day VAR (M = 32.20, SD = 18.27). The 2 × 3 ANOVA found no significant main effect of depression group or VAR dose (p's > 0.05). The depression group × VAR dose interaction was not significant (p = 0.546).
Discussion
The current study was the first to examine whether depressive symptoms moderated the effectiveness of VAR at reducing risk of drinking among individuals with an alcohol use disorder. The results supported our hypotheses in that participants who reported heightened levels of depression showed the largest reduction in ad libitum drinking and alcohol craving under active doses of VAR. This effect was evident when data were analyzed both by blood plasma and oral dose. These identify a specific subpopulation of individuals with alcohol use disorders for whom VAR is particularly effective for reducing rates of drinking. This builds on previous work attempting to identify factors that moderate the efficacy of VAR for reducing rates of drinking (Falk et al., 2015) . Specifically, results demonstrated that there was a doseresponse effect of VAR on reduced drinking in those with depressive symptoms. Conversely, those without depressive symptomatology had the lowest levels of consumption, and both doses of VAR increased consumption. Although it is not entirely clear why VAR was more effective at reducing drinking in participants reporting depressive symptoms, we can speculate regarding potential mechanisms explaining this moderation effect. One possibility is that VAR blocks alcohol-induced negative affect relief (Baker et al., 2004) due to its partial antagonism of nAChR, or alternatively VAR may itself have improved mood and reduced alcohol motivation among depressed drinkers (Philip et al., 2009) . We were unable to test these possibilities as we did not track potential changes in depressive symptoms throughout the titration phase. The presence of depression in drinkers also may signal a subtype of alcohol use disorder with cholinergic involvement that is more responsive to pharmacological intervention targeting nAChRs, although evidence for alcohol use disorder and depression being explained by a shared etiological mechanism is mixed (Swendsen and Merikangas, 2000) . A third possibility is that VAR had a differential effect on drinking due to depression-related differences in cholinergic tone. Neuroimaging studies have found that people reporting depressive symptoms show higher occupancy of cholinergic receptors relative to their non-depressed peers Saricicek et al., 2012) , and therefore appear to have higher levels of cholinergic activity in many brain areas (Esterlis et al., 2013) . Evidence that increased cholinergic signaling is associated with depressive symptoms also comes from preclinical studies demonstrating that pharmacologically increasing acetylcholine levels by decreasing its breakdown produces depression-like behavior in mice (Mineur et al., 2013) . Based on this work, it is possible that participants in the current study differed in terms of cholinergic tone based on their depressive symptoms, which may explain the differential effects of VAR on their drinking behavior. A partial agonist, by definition, decreases the effect of an endogenous agonist while acting as a less effective agonist in its absence. Thus, among participants with elevated cholinergic tone (i.e. those reporting depressive symptoms), VAR may have reduced nAChR activity due to its partial agonist properties, attenuating alcohol-induced dopamine release and decreasing the rewarding effects of alcohol in the same manner as nAChR antagonists (Ericson et al., 1998) . This hypothesis is appealing because it also explains why non-depressed participants receiving VAR drank more than those receiving placebo. Specifically, nAChR activity may have been low among these non-depressed drinkers. As a partial agonist, VAR may have increased nAChR activity above baseline, resulting in increased stimulation of the ventral tegmental area and increasing alcohol reward via a similar pathway as nAChR full agonists (Tizabi et al., 2002) .
Although this is the first study to test whether depressive symptoms moderate the efficacy of VAR for reducing drinking, prior research has examined the efficacy of VAR as a smoking cessation aid in smokers with a likely history of major depression. A large clinical trial found that VAR is equally effective in reducing smoking in smokers with a lifetime history of depression (McClure et al., 2009 ), although it is worth noting that depressed and non-depressed smokers did not differ in terms of nicotine dependence severity or number of cigarettes smoked at baseline. In our study, participants with depressive symptoms reported higher rates of drinking and craving compared to those with no depressive symptoms. One possibility for this difference is that participants in the current study showed less severe depressive symptoms, although participants in the study by McClure and others did not necessarily endorse current depressive symptoms (McClure et al., 2009) . Another possibility is that VAR affects alcohol and nicotine use through different neurobiological pathways, and its effects on alcohol use may involve pathways that are associated with mood regulation (Heinz et al., 2001) .
Tonic craving levels, collected prior to alcohol consumption, mirrored the ad libitum consumption results in the placebo group only. As has been demonstrated previously, VAR reduced tonic alcohol-related craving (Fucito et al., 2011) , but this effect was not moderated by depression status. Similarly, there were no effects of depressive symptoms on changes in craving following consumption of a low-dose alcohol beverage. While there are many examples of non-overlapping craving and drinking behavior (Tiffany and Conklin, 2000) , further mechanistic work will be necessary to understand how depressive symptoms influence VAR's effects on craving responses.
Overall, levels of depressive symptoms were relatively low in our sample. While participants were not specifically ruled out for a diagnosis of depression, those taking any psychoactive medications were ineligible. As a result, the mean CESD score in the sample (i.e. 8.25) was well below the recommended clinical cutoff score of 16, although several participants (n = 7) did score above this threshold. It is unclear whether our findings would generalize to patients meeting diagnostic criteria for depressive disorders. However, subclinical depressive symptoms are highly prevalent and a recognized risk factor for later onset of clinical depression (Cuijpers and Smit, 2004) . Such subclinical depressive symptoms also are associated with current functional impairment (Johnson et al., 1992; Kessler et al., 1997b; Martin et al., 1996) , so the range of scores reported in the current study are likely clinically relevant.
This research provides evidence that VAR was differentially effective at reducing drinking according to levels of depressive symptoms; however, there are limitations that should be addressed in future research. First, this manuscript reports a reanalysis of data from a previous human laboratory study. Additional research will be necessary to confirm these findings with a prospective research design with targeted recruitment to include individuals with clinically significant symptoms of depression, co-morbid with an alcohol use disorder. Further, it will be important to assess participants' depressive symptomatology continually to identify any VAR-induced changes in these symptoms. Such information could provide insight into the mechanism of the reported treatment moderation effect. Second, we used one self-report measure of depression. Although this strategy was effective for capturing variance in depressive symptoms as a continuous symptom dimension, a more comprehensive assessment would have allowed us to make inferences related to participants' diagnoses and recommendations for treatment based on categorical diagnoses. Related to this, our sample consisted of drinkers with mild-to-moderate alcohol-related problems. It is unclear whether our findings should generalize to those with severe alcohol use disorder. Third, the sample size was small, particularly in the depressive symptoms groups.
In conclusion, results of this reanalysis suggests that VAR may be more effective at reducing drinking in people with alcohol use disorder reporting moderate or high levels of depression compared with those with few depressive symptoms. Additional research will be necessary to determine the effects of VAR in drinkers with clinically significant symptoms of depression.
Declaration of conflicting interest
The author(s) declared the following potential conflicts of interest with respect to the research, authorship, and/or publication of this article: Drs. Roberts, Moore, Verplaetse, and Oberleitner have nothing to disclose. Dr. Picciotto was a non-paid consultant for Attenua Pharmaceuticals that owns nicotinic molecules they want to repurpose as therapeutics for pain and other indications. Dr. McKee had an investigator-initiated grant from
